EP 4 001 266 A2

(19)

(12)

(43)

(21)

(22)

Europdisches
Patentamt

European
Patent Office
Office européen

des brevets

(11) EP 4 001 266 A2

EUROPEAN PATENT APPLICATION

Date of publication:
25.05.2022 Bulletin 2022/21

Application number: 21196216.2

Date of filing: 14.11.2017

(51) International Patent Classification (IPC):
CO7D 213/803 (2006.0)  CO7D 401/04 (2006.0%)

(562) Cooperative Patent Classification (CPC):
CO07D 401/04; C07D 213/803

(84)

(30)

(62)

(71)

Designated Contracting States:

AL AT BE BG CH CY CZDE DK EE ES FI FR GB
GRHRHUIEISITLILT LULV MC MK MT NL NO
PL PT RO RS SE SI SK SM TR

Priority: 21.11.2016 US 201662424888 P
Document number(s) of the earlier application(s) in
accordance with Art. 76 EPC:

17825287.0 / 3 541 787

Applicant: Adama Agan Ltd.
7710201 Ashdod (IL)

¢ TZOR, Omer
Kiryat-ono (IL)

¢ YACOVAN, Avihai
Mazkeret Batya (IL)

(74) Representative: Herrero & Asociados, S.L.
Cedaceros, 1
28014 Madrid (ES)

Remarks:
*This application was filed on 13-09-2021 as a
divisional application to the application mentioned
under INID code 62.
«Claims filed after the date of filing of the application

(72) Inventors: | after the date of receipt of the divisional application
¢ KUSNIEC, Tzurit (Rule 68(4) EPC).
Lod (IL)
(54) PROCESS FOR PREPARING METHOXY METHYL PYRIDINE DICARBOXYLATE
(57) The present invention provides a process for wherein

preparing a compound of the formula (1):

Ri0,C CH,0R,
AN
/
R{0,C N
(1)

each occurrence of R¢ is a C4-C, alkyl; and
R, is C4-C, alkyl.

Processed by Luminess, 75001 PARIS (FR)



10

15

20

25

30

35

40

45

50

55

EP 4 001 266 A2
Description

[0001] This application claims priority of U.S. Provisional Application No. 62/424,888, filed November 21, 2016, the
contents of which are hereby incorporated by reference.

[0002] Throughout this application various publications are referenced. The disclosures of these documents in their
entireties are hereby incorporated by reference into this application in order to more fully describe the state of the art to
which this invention pertains.

TECHNICAL FIELD

[0003] The present subject matter relates to a process for efficient procedure for preparing methoxy methyl pyridine
dicarboxylate.

BACKGROUND

[0004] Imazamox is a systemic herbicide that functions by inhibiting the acetolactate synthase (ALS) protein in plants.
The compound di alkyl-5,6 dicarboxylate-3-alkoxymethyl pyridine of formula (1)

R'O,C N CH, OR"
=
R'O,C N

is an important intermediate for preparing the herbicidal active ingredient Imazamox (2-[(RS)-4-isopropyl-4-methyl-5-
oxo-2-imidazolin-2-yl]-5-methoxymethylnicotinic acid).

[0005] Different manufacturing processes are known from the literature. EP0548532 discloses the reaction of methyl
pyridine with halogenating agent to minimize the dihalogenated product and the reaction of ammonium bromide in
methanol under nitrogen reflux for 6 hours. US5760239 discloses preparing 2, 3-disubstituted 5- methoxymethyl pyridine
by reacting the ammonium bromide with base in presence of an alcohol at temperature of 120-180° C and under pressure
in closed system. WO 2010066669 describes preparing 2, 3 disubstituted 5-methoxymethyl pyridine from trimethyl
ammonium bromide, dimethyl ester in methanol/H,O with base comprising MOCH,, MOH, where the reaction is under
pressure in closed vessel at temperature of from 75 to 110°C. WO 2010055139 discloses preparing 2,3-disubstituted
5-pyridylmethyl ammonium bromide from 2, 3 disubstituted 5-pyridylmethyl reacts with bromine followed with trialkyl
amine.

[0006] However, there is a need to develop a more efficient synthesis pathway by improving the different steps of the
process and there is a need to improve each step of the complete reaction in high yield and conversion.

SUMMARY OF THE INVENTION

[0007] The present invention provides a process for preparing a compound of the formula (l):

R,O,C CH,OR,
AN
/
Ry0,C N
(I

wherein

each occurrence of Ry is a C4-C,4 alkyl; and
R2 is C1-C4 alkyl,

comprising the steps of:
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(i) reacting a dialkyl-3-methylpyridine-5,6-dicarboxylate with potassium peroxymonosulfate and a halogen metal salt
to obtain a mixture comprising the compounds of the formulas Ila, and/or IIb and/or lic:

R1 OzC CH nxm
X
/
(lla-c)

wherein
n=2 and m=1 (lla), n=1 and m=2 (llb), or n=0 and m=3 (lic);
each occurrence of Ry is a C4-C, alkyl; and

Xis a halogen,

(i) reacting the mixture produced in step (i) with an amine to obtain a compound of the formula (lll):

Ry0,C CHoY*X

X

=

R;0,C N
(1
wherein

each occurrence of Ry is a C4-C, alkyl;
Y*tis

wherein R3, R4 and R are each, independently, a C4-Cgq alkyl or aryl; and
Xis a halogen,

(iii) reacting the product of step (ii) with an alcohol metal base.

[0008] The present invention also provides a process for preparing a mixture comprising compounds of the formula
Ila and/or llb and/or llc:

R0,C CHXm
X
/
R10,C N
(lla-c)

wherein

Xis a halogen;
Each occurrence of R, is C4-C, alkyl;
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n=2 and m=1 (lla), n=1 and m=2 (llb) or n=0 and m=3 (llc), comprising reacting a dialkyl-3-methylpyridine-5,6-
dicarboxylate with potassium peroxymonosulfate and a halogen metal salt in the presence of a radical initiator.

[0009] The present invention further provides a process for preparing compound of the formula (l1I):

RyO,C CHoY*X

X

=

R;0,C N
(I
wherein

each occurrence of Ry is a C4-C, alkyl;
Y*is

wherein R3, R4 and R are each, independently, a C4-Cg alkyl or aryl; and
Xis a halogen,

comprising reacting a mixture comprising compounds of the formula Ila and/or IIb and/or lic:

R{0,C CHXm
X
/
R10,C N
(lla-c)

wherein

n=2 and m=1 (lla), n=1 and m=2 (llb) or n=0 and m=3 (llc);
each occurrence of Ry is a C4-C,4 alkyl; and
Xis a halogen,

with a dialkylphosphite in presence of an amine so as to therefore obtain the compound of the formula (lll).
[0010] The present invention also provides a process for preparing a compound of the formula (l):

AN
/
Ry0,C N
(1

wherein

Each occurrence of R, is C4-C, alkyl;
R, is C4-C, alkyl,
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comprising reacting the compound of formula (111):

RyO,C CHoY*X

R;0,C N
(I
wherein

each occurrence of Ry is a C4-C, alkyl;
Y*tis

wherein R3, R4 and Rg are each, independently, a C4-Cg alkyl or aryl; and
Xis halogen,

with an alcohol metal base in the presence of a hydroxide scavenger agent or with an alcohol metal base which was
previously treated with a hydroxide scavenger agent.
[0011] The present invention yet further provides a process for preparing the compound of the formula

R102C \ CHzBr
=
(I1a)
wherein
each occurrence of Ry is a C4-C, alkyl,
comprising reacting of compounds of formula (lIb-c)
R;0,C N CH X
=
R;0,C N
(Ilb-c)

wherein

n=1 and m=2 (llb), or n=0 and m=3 (llc);
each occurrence of Ry is a C4-C,4 alkyl; and
X is a bromine,

with a dialkylphosphite in the presence of a base so as to therefore obtain the compound of the formula (lla).
[0012] The present invention provides a process for preparing the compound having the structure:
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HoOC

X OCH;,4

CHs
N /
AN N
HsC
H3C NH
0
(Im)

which comprises converting a dialkyl-3-methylpyridine-5,6-dicarboxylate to a compound having the structure:

R;0,C CH,OCH3

X

=

R;0,C N
a

wherein each occurrence of R, is C4-C, alkyl, the improvement in the proves comprising converting the dialkyl-3-
methylpyridine-5,6-dicarboxylate to the compound of formula (l) by the process according to any embodiment of the
present invention.

DETAILED DESCRIPTION OF THE INVENTION

[0013] Prior to setting forth the present subject matter in detail, it may be helpful to provide definitions of certain terms
to be used herein. Unless defined otherwise, all technical and scientific terms used herein have the same meaning as
is commonly understood by one of skill in the art to which this subject matter pertains.

[0014] The term "a" or "an" as used herein includes the singular and the plural, unless specifically stated otherwise.
Therefore, the terms "a," "an," or "at least one" can be used interchangeably in this application.

[0015] Throughout the application, descriptions of various embodiments use the term "comprising"; however, it will be
understood by one of skill in the art, that in some specific instances, an embodiment can alternatively be described using
the language "consisting essentially of" or "consisting of". In each such instance, the terms "comprising," "consisting
essentially of," and "consisting of" are intended to have the same meaning as each such term would have when used
as the transition phrase of a patent claim.

[0016] For purposes of better understanding the present teachings and in no way limiting the scope of the teachings,
unless otherwise indicated, all numbers expressing quantities, percentages, or proportions, and other numerical values
used in the specification and claims, are to be understood as being modified in all instances by the term "about."
Accordingly, unlessindicated to the contrary, the numerical parameters set forth in the following specification and attached
claims are approximations that may vary depending upon the desired properties sought to be obtained. At the very least,
each numerical parameter should at least be construed in light of the number of reported significant digits and by applying
ordinary rounding techniques. In thisregard, used of the term "about" herein specifically includes +10% from the indicated
values in the range. In addition, the endpoints of all ranges directed to the same component or property herein are
inclusive of the endpoints, are independently combinable, and include all intermediate points and ranges.

[0017] The present invention to provide a process which is suitable for industrial use, highly efficient, low-cost, envi-
ronmentally friendly.

[0018] The present invention provides a process for preparing a compound of the formula (l):

AN

/
Ry0,C N

(1
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wherein

each occurrence of Ry is a C4-C,4 alkyl; and
R2 is C1-C4 alkyl,

comprising the steps of:

(i) reacting a dialkyl-3-methylpyridine-5,6-dicarboxylate with potassium peroxymonosulfate and a halogen metal salt
to obtain a mixture comprising the compounds of the formulas Ila and/or lIb and/or llc:

R1 Ozc CH nxm
X
/
R;0,C N
(lla-c)

wherein

n=2 and m=1 (lla), n=1 and m=2 (llb), or n=0 and m=3 (lic);
each occurrence of Ry is a C4-C,4 alkyl; and
Xis a halogen,

(i) reacting the mixture produced in step (i) with an amine to obtain a compound of the formula (lll):

Ry0,C CHoY*X

X

=

R;0,C N
(1
wherein

each occurrence of Ry is a C4-C, alkyl;
Y*tis

wherein R3, R4 and Rj are each, independently, a C4-Cgq
alkyl or aryl; and
Xis a halogen,

(iii) reacting the product of step (ii) with an alcohol metal base.

[0019] In some embodiments, wherein step (i) occurs in the presence of a radical initiator.

[0020] In some embodiments, wherein the radical initiator is azobisisobutyronitrile (AIBN).

[0021] In some embodiments, wherein the radical initiator is activated by heating the reaction mixture.
[0022] In some embodiments, wherein the radical reaction is induced by light.

[0023] Light may be visible light or ultraviolet light.

[0024] In some embodiments, wherein step (i) is performed in the presence of visible light.



10

15

20

25

30

35

40

45

50

55

EP 4 001 266 A2

[0025] In some embodiments, wherein step (i) is performed in the presence of ultraviolet light.
[0026] In some embodiments, wherein when step (i) is conducted in presence of light, compound of the below formula
(CPDC) is obtained.

R;0,C co,H

X

=
Ri0,C N (CPDC)

[0027] In some embodiments, the amount of (CPDC) is less than or equal to 1%, or 2%, or 3%, or 4%, or 5%, or 6%,
or 7%, 8%, or 9%, or 10% of the product obtained.

[0028] In some embodiments, wherein the potassium peroxymonosulfate in step (i) is added to the reaction mixture
gradually in two or more portions.

[0029] In some embodiments, wherein the reaction is performed in a first suitable solvent.

[0030] In some embodiments, wherein the first suitable solvent is dichloromethane, chloroform, 1,2-dichloroethane,
perchloroethylene, trichloroethane, chlorobenzene, 2-dichlorobenzne, 3-dichlorobenzene, 4-dichlorobenzene, benzene,
carbon tetrachloride or any combination thereof.

[0031] In some embodiments, wherein the first suitable solvent is 1,2-dichloroethane.

[0032] Insome embodiments, the concentration of the potassium peroxymonosulfate, e.g. OXONE®, in step (i) relative
to the reaction solution is 1%, or 2%, or 3%, or 4%, or 5%, or 6%, or 7%, or 8%, or 9%, or 10%.

[0033] Insome embodiments, the concentration of the potassium peroxymonosulfate, e.g. OXONE®, in step (i) relative
to the reaction solution is 5%.

[0034] Insome embodiments, the concentration of the potassium peroxymonosulfate, e.g. OXONE®, in step (i) relative
to the reaction solution is 1%.

[0035] Insome embodiments, the concentration of the potassium peroxymonosulfate, e.g. OXONE®, in step (i) relative
to the reaction solution is less than 1%, or 2%, or 3%, or 4%, or 5%, or 6%, or 7%, or 8%, or 9%, or 10%.

[0036] Insome embodiments, the concentration of the potassium peroxymonosulfate, e.g. OXONE®, in step (i) relative
to the reaction solution is less than 5%.

[0037] Insome embodiments, the concentration of the potassium peroxymonosulfate, e.g. OXONE®, in step (i) relative
to the reaction solution is less than 1%.

[0038] Insome embodiments, the concentration of the potassium peroxymonosulfate, e.g. OXONE®, in step (i) relative
to the reaction solution is between 4% and 6%.

[0039] Insome embodiments, the concentration of the potassium peroxymonosdulfate, e.g. OXONE®, in step (i) relative
to the reaction solution is 0.5% and 1.5%.

[0040] In some embodiments, the concentration of the dialkyl-3-methylpyridine-5,6-dicarboxylate in step (i) relative to
the reaction solution is less than or equal to 1%, or 2%, or 3%, or 4%, or 5%, or 6%, or 7%, or 8%, or 9%, or 10%.
[0041] In some embodiments, the concentration of the dialkyl-3-methylpyridine-5,6-dicarboxylate in step (i) relative to
the reaction solution is less than 5%.

[0042] In some embodiments, the concentration of the dialkyl-3-methylpyridine-5,6-dicarboxylate in step (i) relative to
the reaction solution is less than 1%.

[0043] In some embodiments, the concentration of the halogen metal salt in step (i) relative to the reaction solution is
less than or equal to 1%, or 2%, or3%, or 4%, or 5%, or 6%, or 7%, or 8%, or 9%, or 10%.

[0044] Insomeembodiments, the concentration of the halogen metal saltin step (i) relative to the reaction solution is 5%.
[0045] instep (i) In some embodiments, the concentration of the halogen metal salt relative to the reaction solutionis 1%.
[0046] In some embodiments, the concentration of the halogen metal salt relative to the reaction solution is 1% or
less, or 2% or less, or 3% or less, or 4% or less, or 5% or less, or 6% or less, or 7% or less, or 8% or less, or 9% or less,
or 10% or less.

[0047] In some embodiments, the concentration of the halogen metal salt in step (i) relative to the reaction solution is
less than 5%.

in step (i) In some embodiments, the concentration of the halogen metal salt relative to the reaction solutionis less than 1%.
[0048] In some embodiments, the concentration of the halogen metal salt in step (i) relative to the reaction solution
between 4% and 6%.

[0049] In some embodiments, the concentration of the halogen metal salt in step (i) relative to the reaction solution
between 0.5% and 1.5%.

[0050] In some embodiments, wherein in step (ii) the halogenated products of step (i) are reacted with the amine in
the presence of diethylphosphite.
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[0051] In some embodiments, wherein in step (ii) the dihalogenated and trihalogenated products IIb and lic of step (i)
react with the diethylphosphite in presence of non-nucleophilic base prior to reaction with the amine.

[0052] In some embodiments, wherein in step (ii) the dihalogenated and trihalogenated products IIb and llc of step (i)
are converted to the monohalogenated product lla prior to reaction with the amine.

[0053] In some embodiments, wherein the amine in step (ii) is trimethylamine.

[0054] In some embodiments, the amine is a gas.

[0055] In some embodiments, the amine is a liquid or a solution of a gaseous amine.

[0056] In some embodiments, wherein the metal in step (i) and/or (iii) is alkali or earth alkaline.

[0057] In some embodiments, wherein the halogen X is bromide, chloride, fluoride or iodide.

[0058] In some embodiments, wherein the halogen metal salt in step (i) is sodium bromide.

[0059] In some embodiments, wherein the alcohol in step (iii) is methanol.

[0060] In some embodiments, wherein step (iii) is carried out in the presence of a hydroxide scavenger agent.
[0061] In some embodiments, wherein compound (iii) is dried prior to the reaction with alcohol metal base.

[0062] In some embodiments, wherein compound (iii) is treated with dehydrating agents and/or materials prior to the
reaction with alcohol metal base.

[0063] Dehydrating agents and/or materials include, but are not limited to, trialkylorthoformates, highly hygroscopic
inorganic salts, molecular sieves and combination thereof.

[0064] Trialkylorthoformates include, but are not limited to, trimethylorthoformate and triethylorthoformate.

[0065] In some embodiments, the product of step (ii) is treated with a dehydrating agent in the presence of acid.
Examples of acid include organic acid or inorganic acid.

[0066] Organic acids include, but are not limited to, p-toluenesulfonic acid, benzene sulfonic acid, methanesulfonic
acid, trifluoroacetic acid and acetic acid.

[0067] Inorganic acids include, but are not limited to, sulfuric acid, phosphoric acid and hydrochloric acid.

[0068] In some embodiments of the process, the reaction is carried out under atmospheric pressure or under excess
pressure of up to 6 bar.

[0069] In some embodiments, wherein the hydroxide scavenger agent is methyl acetate.

[0070] In some embodiments, wherein the hydroxide scavenger agent is ethyl acetate.

[0071] In some embodiments, wherein the alcohol metal base is treated with a hydroxide scavenger agent prior to the
reaction with compound (l1l).

[0072] In some embodiments, the above step (i) produces a mixture of the following compounds:

Br
R1 02C CHzBr R1 02C
\ \ Br
/ /
R{0,C N (lla), RiCL N (I1b),
and
Br
R{0,C
\ Br
Br
R{0,C N (llc).

[0073] In some embodiments, wherein the compound produced has the structure:

R,0,C CH,OR,

X

=

R;0,C N
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wherein each R, and R, are methyl.
[0074] In some embodiments, wherein the compound produced has the structure:

HCO,C CH,OCH,4

X

=

HCO,C N

[0075] In some embodiments, wherein the potassium peroxymonosulfate source is a triple salt with the formula
KHSO50.5KHSO,4:0.5K,S 0.

[0076] In some embodiments, the potassium peroxymonosulfate is OXONE®.,

[0077] In some embodiments of the above process, further comprising a step (i)(a) after step (i) and prior to step (ii)
wherein the mixture comprising the compounds lla-c of step (i) are reacted with a dialkylphosphite so as to therefore
obtain the compound of the formula lla.

[0078] In some embodiments of the above process, further comprising a step (i)(a) after step (i) and prior to step (ii)
wherein the mixture comprising the compounds lla-c of step (i) are reacted with a dialkylphosphite so as to therefore
covert the compound of the formula llb-c to the compound of the formula lla.

[0079] The present invention also provides a process for preparing a mixture comprising compounds of the formula
Ila and/or b and/or llc:

R{0,C CHXm
X
/
R10,C N
(lla-c)

wherein

Xis a halogen;
Each occurrence of Ry is C4-C, alkyl;
n=2 and m=1 (lla), n=1 and m=2 (llb) or n=0 and m=3 (llc),

comprising reacting a dialkyl-3-methylpyridine-5,6-dicarboxlate with potassium peroxymonosulfate and a halogen metal
salt in the presence of a radical initiator.

[0080] In some embodiments, wherein the radical initiator is azobisisobutyronitrile (AIBN).

[0081] In some embodiments, wherein the radical initiator is activated by heating the reaction mixture.

[0082] In some embodiments, wherein the reaction is induced by light. Light may be visible and/or ultraviolet light.
[0083] In some embodiments, wherein the reaction is performed in the presence of visible light.

[0084] In some embodiments, wherein the reaction is performed in the presence of ultraviolet light.

[0085] In some embodiments, wherein the potassium peroxymonosulfate is added to the reaction mixture gradually
in two or more portions.

[0086] In some embodiments, wherein the reaction is performed in a first suitable solvent.

[0087] In some embodiments, wherein the first suitable solvent is dichloromethane, chloroform, 1,2-dichloroethane,
perchloroethylene, trichloroethane, chlorobenzene, 2-dichlorobenzne, 3-dichlorobenzene, 4-dichlorobenzene, benzene,
carbon tetrachloride or any combination thereof.

[0088] In some embodiments, wherein the first suitable solvent is 1,2-dichloroethane.

[0089] In some embodiments, the concentration of the potassium peroxymonosulfate, e.g. OXONE®, relative to the
reaction solution is 1%, or 2%, or 3%, or 4%, or 5%, or 6%, or 7%, or 8%, or 9%, or 10%.

[0090] In some embodiments, the concentration of the potassium peroxymonosulfate, e.g. OXONE®, relative to the
reaction solution is 1% or less, or 2% or less, or 3% or less, or 4% or less, or 5% or less, or 6% or less, or 7% or less,
or 8% or less, or 9% or less, or 10% or less.

[0091] In some embodiments, the concentration of the potassium peroxymonosulfate, e.g. OXONE®, relative to the
reaction solution is 5%.

[0092] In some embodiments, the concentration of the potassium peroxymonosulfate, e.g. OXONEB®, relative to the
reaction solution is between 4% and 6%.

10
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[0093] In some embodiments, the concentration of the potassium peroxymonosulfate, e.g. OXONEB®, relative to the
reaction solution is 1%.

[0094] In some embodiments, the concentration of the potassium peroxymonosulfate, e.g. OXONE®, relative to the
reaction solution is between 0.5% and 1.5%.

[0095] In some embodiments, the concentration of the dialkyl-3-methylpyridine-5,6-dicarboxylate relative to the reac-
tion solution is less than or equal to 1%, or 2%, or 3%, or 4%, or 5%, or 6%, or 7%, or 8%, or 9%, or 10%.

[0096] In some embodiments, the concentration of the dialkyl-3-methylpyridine-5,6-dicarboxylate relative to the reac-
tion solution is less than 5%.

[0097] In some embodiments, the concentration of the dialkyl -3-methylpyridine-5,6-dicarboxylate relative to the re-
action solution is less than 1%.

[0098] In some embodiments, the concentration of the halogen metal salt relative to the reaction solution is 1%, or
2%, or 3%, or 4%, or 5%, or 6%, or 7%, or 8%, or 9%, or 10%.

[0099] In some embodiments, the concentration of the halogen metal salt relative to the reaction solution is 1% or
less, or 2% or less, or 3% or less, or 4% or less, or 5% or less, or 6% or less, or 7% or less, or 8% or less, or 9% or less,
or 10% or less.

[0100] In some embodiments, the concentration of the halogen metal salt relative to the reaction solution is 5%.
[0101] In some embodiments, the concentration of the halogen metal salt relative to the reaction solution is 1%.
[0102] In some embodiments, the concentration of the halogen metal salt relative to the reaction solution between 4%
and 6%.

[0103] In some embodiments, the concentration of the halogen metal salt relative to the reaction solution between
0.5% and 1.5%.

[0104] In some embodiments, wherein the metal is alkali or earth alkaline.

[0105] In some embodiments, wherein the halogen is bromide, chloride, fluoride or iodide.

[0106] In some embodiments, wherein the halogen metal salt is sodium bromide.

[0107] Insome embodiments, wherein the halogen metal salt is sodium chloride, sodium iodide or potassium bromide.
[0108] In some embodiments, wherein the potassium peroxymonosulfate source is a triple salt with the formula
KHSO50.5KHSO,4:0.5K,S 0.

[0109] In some embodiments, the potassium peroxymonosulfate is OXONE®.

[0110] In some embodiments, the above process produces a mixture of the following compounds:

Br
R,0,C N CHBr R,0,C N B
R;0,C N (||a)’R102C N (Ilb),
or
Br
\ Br
Br
/
R10,C N (Ilc).

[0111] In some embodiment, the mixture obtained from the reaction of dialkyl-3-methylpyridine-5,6-dicarboxylate with
potassium peroxymonosulfate and a halogen metal salt comprises compounds of the formula (lla-b).

[0112] In some embodiment, the mixture obtained from the reaction of dialkyl-3-methylpyridine-5,6-dicarboxylate with
potassium peroxymonosulfate and a halogen metal salt comprises the compounds of the formula (lla-c).

[0113] In some embodiments, wherein when the reaction is conducted in presence of light, compound of the below
formula (CPDC) is obtained.
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R{0,C co,H

X

Pz
Ri0,C N (CPDC)

[0114] In some embodiments, the amount of (CPDC) is less than or equal to 1%, or 2%, or 3%, or 4%, or 5%, or 6%,
or 7%, 8%, or 9%, or 10% of the product obtained.

[0115] In some embodiments, the combined percentage of lla and lIb produced is greater than 90%.

[0116] In some embodiments, the combined percentage of lla and lIb and llc produced is greater than 90%.

[0117] The present invention further provides a process for preparing compound of the formula (l1I):

R;0,C CH,Y*X
\
P
RO,C N
(I
wherein
each occurrence of Ry is a C4-C, alkyl;
Y*is
Rs
e g
Lo\ Y
Rs or :

wherein R3, R4 and R are each, independently, a C4-Cgq
alkyl or aryl; and
Xis a halogen,

comprising reacting a mixture comprising the compounds of the formula Ila and/or IIb and/or llc:

R1 OzC CH nxm
XX
/
R{0,C N
(lla-c)

wherein

n=2 and m=1 (lla), n=1 and m=2 (llb) or n=0 and m=3 (llc);
each occurrence of Ry is a C4-C,4 alkyl; and
Xis a halogen,

with a dialkylphosphite in presence of an amine so as to therefore obtain the compound of the formula (lll).

[0118] In some embodiments, the amine is an organic amine.

[0119] In some embodiments, the amine is a nucleophilic amine.

[0120] In some embodiments, the amine is a non-nucleophilic amine.

[0121] In some embodiments, the amine is selected form the group consisting of trimethyl amine, triethyl amine, and
pyridine.
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[0122] Insome embodiments, wherein amine is selected form the group consisting of tert-butyl dimethyl amine, isobutyl
dimethyl amine.

[0123] In some embodiments, the amine is a gas.

[0124] In some embodiments, the amine is a liquid or a solution of a gaseous amine.

[0125] In some embodiments, wherein the process is conducted in one pot reaction.

[0126] In some embodiments, wherein the dihalogenated and trihalogenated compounds Ilb and llc react with the
diethylphosphite prior to reaction with the amine in the presence of non-nucleophilic base.

[0127] In some embodiments, wherein the dihalogenated and trihalogenated compounds Ilb and lic are converted to
the monohalogenated product lla prior to reaction with the amine in the presence of none nucleophilic base.

[0128] The present invention further provides a process for preparing a compound of the formula (1):

R{O,C CH-0R;
X
P
R;0,C N
()
wherein,
Each occurrence of Ry is C4-C, alkyl;
R2 is C1-C4 alkyl,
comprising reacting the compound of formula (l11):
R;0,C CHLY*X
X
P
R;0,C N

(I
wherein

each occurrence of Ry is a C4-C, alkyl;
Y*is

wherein R3, R4 and R are each, independently, a C4-Cgq
alkyl or aryl; and
Xis halogen,

with an alcohol metal base in the presence of a hydroxide scavenger agent or with an alcohol metal base which was
previously treated with a hydroxide scavenger agent.

[0129] In some embodiments, wherein compound (iii) is dried prior to the reaction with alcohol metal base.

[0130] In some embodiments, wherein compound (iii) is treated with dehydrating agents and/or materials prior to the
reaction with alcohol metal base.

[0131] Dehydrating agents and/or materials include, but are not limited to, trialkylorthoformates, highly hygroscopic
inorganic salts, molecular sieves and combination thereof.

[0132] Trialkylorthoformates include, but are not limited to, trimethylorthoformate and triethylorthoformate.

[0133] In some embodiments, the product of step (ii) is treated with a dehydrating agent in the presence of acid.
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Examples of acid include organic acid or inorganic acid.

[0134] Organic acids include, but are not limited to, p-toluenesulfonic acid, benzene sulfonic acid, methanesulfonic
acid, trifluoroacetic acid and acetic acid.

[0135] Inorganic acids include, but are not limited to, sulfuric acid, phosphoric acid and hydrochloric acid.

[0136] In some embodiments of the process, the reaction is carried out under atmospheric pressure or under excess
pressure of up to 6 bar.

[0137] In some embodiments, wherein the metal is alkali or earth alkaline.

[0138] In some embodiments, wherein the alcohol is methanol.

[0139] In some embodiments, wherein the alcohol is ethanol.

[0140] In some embodiments, wherein the hydroxide scavenger agent is methyl acetate.

[0141] In some embodiments, wherein the hydroxide scavenger agent is ethyl acetate.

[0142] In some embodiments, wherein the compound of formula (lll) is reacted with an alcohol metal base in the
presence of a hydroxide scavenger agent.

[0143] In some embodiments, wherein the compound of formula (l11) is reacted with an alcohol metal base which was
previously treated with a hydroxide scavenger agent.

[0144] The present invention further provides a process for preparing the compound of the formula:

R102C \ CHzBr
=
(I1a)
wherein
each occurrence of Ry is a C4-C, alkyl,
comprising reacting the of compound of formula (llb-c)
R102C \ CHnXm
=
R;0,C N
(Ilb-c)

wherein

n=1 and m=2 (lIb) or n=0 and m=3 (llc);
each occurrence of Ry is a C4-C, alkyl; and
X is a bromine,

with a dialkylphosphite so as to therefore obtain the compound of the formula (l1a).
[0145] In some embodiments, wherein the process, i.e. steps (i), (ii) and (iii), is conducted in one pot.

[0146] In some embodiments, the compound of the formula (1) has the structure:

HaCO,C CH,OCH,4

X

=

HaCO,C N

[0147] In some embodiments, the compound of the formulas (Ila-c) have the structures:
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H3CO,C AN CH4Br HaCO,C AN CHBr,
V4 =
H3CO,C N (Ila):; HaCO,C N (1lb):;
and
H3CO,C N CBrs
H3CO,C N (llc).
[0148] In some embodiments, the compound of the formula (1) has the structure:
@ @
H3COZC CHZN(CH3)3 H3COzc CHzN(CH20H3)3
Br Br
= =
H3CO,C N H,CO,C N

or

H3CO,C

= =

H,CO,C N

[0149] In some embodiments, the reaction of the 3-methylpyridine 5, 6- dialkyl dicarboxylate with potassium peroxy-
monosulfate OXONE® is carried out in solvent.

[0150] Potassium peroxymonosulfate is used as an oxidizing agent and is commercially available from DuPont under
the trade name OXONE® as a component of a triple salt with the formula KHSO5-0.5KHSO4-0.5K,S0,. In some em-
bodiments, the potassium peroxymonosulfate source is OXONE®.

[0151] In some embodiments, OXONE® refers to solution of KHSO5 0.5KHSO,4 0.5K,SO, in water. The concentration
of OXONE® may be, but is not limited to, 10%, 20%, 30%, 40% or 50%.

[0152] In some embodiments, the concentration of the OXONE® in water is 19%.

[0153] In some embodiments, the concentration of the OXONE® in water is 25%.

[0154] In some embodiments, the concentration of the potassium peroxymonosulfate, e.g. OXONE®, relative to the
reaction solution is 1%, or 2%, or 3%, or 4%, or 5%, or 6%, or 7%, or 8%, or 9%, or 10%.

[0155] In some embodiments, the concentration of the potassium peroxymonosulfate, e.g. OXONE®, relative to the
reaction solution is 5%. In some embodiments, the concentration of the potassium peroxymonosulfate, e.g. OXONE®,
relative to the reaction solution is 1%.

[0156] In some embodiments, the concentration of the dialkyl -3-methylpyridine-5,6-dicarboxylate relative to the re-
action solution is less than 1 %, or 2%, or3%, or 4%, or 5%, or 6%, or 7%, or 8%, or 9%, or 10%.

[0157] In some embodiments, the concentration of the dialkyl -3-methylpyridine -5,6-dicarboxylate relative to the re-
action solution is less than 5%.

[0158] In some embodiments, the concentration of the dialkyl -3-methylpyridine-5,6-dicarboxylate relative to the re-
action solution is less than 1%.

[0159] In some embodiments, the concentration of the halogen metal salt relative to the reaction solution is 1%, or
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2%, 0r3%, or 4%, or 5%, or 6%, or 7%, or 8%, or 9%, or 10%.

[0160] In some embodiments, the concentration of the halogen metal salt relative to the reaction solution is 5%. In
some embodiments, the concentration of the halogen metal salt relative to the reaction solution is 1%.

[0161] In some embodiments of any of the above bromination reactions, the solvent is a non-polar solvent.

[0162] In some embodiments, the non-polar solvent may include, but is not limited to, dichloromethane, chloroform,
1,2-dichloroethane, perchloroethylene, trichloroethane, chlorobenzene, 2-dichlorobenzne, 3-dichlorobenzene, 4- dichlo-
robenzene, benzene, carbonbtetrachloride or any combination thereof.

[0163] In some embodiments, the molar ratio of the potassium peroxymonosulfate, e.g. OXONE®, to the pyridine
substrate is from about 0.7:1.0 to about 3.5:1 .0.

[0164] In some embodiments, the molar ratio of the potassium peroxymonosulfate, e.g. OXONE®, to the pyridine
substrate is 0.3:1.0, or 0.7:1.0, or 1.1:1.0, or 1.5:1.0, or 2.0:1.0, or 2.5:1.0, or 3.0:1.0, or 3.5:1.0.

[0165] In some embodiments, the molar ratio of the potassium peroxymonosulfate, e.g. OXONE®, to the pyridine
substrate is 0.37:1.0.

[0166] In some embodiments, the above molar ratios are maintained as each portion of OXONE® is added.

[0167] In some embodiments, the total amount of the potassium peroxymonosulfate, e.g. OXONE®, is added in at
least two portions, three portions, four portions, five portions, six portions, seven portions, eight portions, nine portions
or ten portions.

[0168] In some embodiments, the total amount of halogen metal salt is added in at least two portions, three portions,
four portions, five portions, six portions, seven portions, eight portions, nine portions or ten portions.

[0169] In some embodiments, the reaction with light and is carried out in absence of a radical initiator.

[0170] In some embodiments, the reaction with light and is carried out in absence of a radical initiator and the total
amount of the potassium peroxymonosulfate, e.g. OXONE®, is added in one portion.

[0171] In some embodiments, reaction is carried out in the presence of a radical initiator.

[0172] In some embodiments, reaction is carried out in the presence of a radical initiator and the total amount of the
potassium peroxymonosulfate, e.g. OXONE®, is added in one portion.

[0173] In some embodiments, reaction with light and is carried out in absence of a radical initiator and the total amount
of halogen metal salt is added in one portion.

[0174] In some embodiments, reaction which is carried out in presence of initiator and the total amount of halogen
metal salt is added in one portion.

[0175] In some embodiments, the molar ratio of the halogen metal salt to the pyridine substrate is from about 0.3:1.0
to about 3.5:1.0.

[0176] In some embodiments, the molar ratio of the halogen metal salt to the pyridine substrate is from about 0.7:1.0
to about 3.5:1.0.

[0177] In some embodiments, the molar ratio of halogen metal salt to the pyridine substrate is 0.41:1.0.

[0178] In some embodiments, the above molar ratios are maintained as each portion of halogen metal salt is added.
[0179] In some embodiments, the molar ratio of halogen metal salt to the pyridine substrate is 0.7:1.0, or 1.1:1.0, or
1.5:1.0, or 2.0:1.0, or 2.5:1.0, or 3.0:1.0, or 3.5:1.0.

[0180] In some embodiments, the total amount of halogen metal salt is added in at last two portions, three portions,
four portions, five portions, six portions, seven portions, eight portions, nine portions or ten portions.

[0181] In some embodiments of any of the above bromination reactions, the reaction is carried out at a pH less than
5, or less than 4.5, or less than 4, or less than 3.5, or less than 3, or less than 2.5, or less than 2, or less than 1.5, or
less than 1.0, or less than 0.5.

[0182] In some embodiments of any of the above bromination reactions, the reaction is carried out at a pH between
about 1.0 to 2.0.

[0183] In some embodiments of any of the above bromination reactions, the concentration of the potassium peroxy-
monosulfate, e.g. OXONE®, or dialkyl-3-methylpyridine-5,6-dicarboxylate and/or the halogen metal salt in the reaction
solution is less than 10%, or less than 9%, or less than 8%, or less than 7%, or less than 6%, or less than 5%, or less
than 4%, or less than 3%, or less than 2%, or less than 1%, or less than 0.75%, or less than 0.5%, or less than 0.2%,
or less than 0.1%.

[0184] In some embodiments, the concentration of the potassium peroxymonosulfate, e.g. OXONE®, or dialkyl-3-
methylpyridine-5,6-dicarboxylate and/or the halogen metal salt in the reaction solution is maintained throughout the
reaction at less than 10%, or less than 9%, or less than 8%, or less than 7%, or less than 6%, or less than 5%, or less
than 4%, or less than 3%, or less than 2%, or less than 1%, or less than 0.75%, or less than 0.5%, or less than 0.2%,
or less than 0.1%.

[0185] In some embodiments, the concentration of the potassium peroxymonosulfate, e.g. OXONE®, or dialkyl-3-
methylpyridine-5,6-dicarboxylate and/or the halogen metal salt in the reaction solution is maintained throughout the
reaction at around 1%, 2% or 5%.

[0186] In some embodiments, the reaction of 3-methylpyridine 5, 6- dialkyl dicarboxylate with the potassium peroxy-
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monosulfate, e.g. OXONE®, and halogens metal salt is carried out in a continuous manner, i.e. the potassium peroxy-
monosulfate, e.g. OXONE®, is added slowly and wherein the concentration of the potassium peroxymonosulfate, e.g.
OXONE®, or dialkyl-3-methylpyridine-5,6- dicarboxylate is not more than 1%, 2% or 5% during the entire reaction time.
[0187] In some embodiments of any of the above bromination reactions, the concentration of the potassium peroxy-
monosulfate, e.g. OXONE®, in the reaction water phase is less than 10%, or less than 9%, or less than 8%, or less than
7%, or less than 6%, or less than 5%, or less than 4%, or less than 3%, or less than 2%, or less than 1%, or less than
0.75%, or less than 0.5%, or less than 0.2%, or less than 0.1%.

[0188] In some embodiments of any of the above bromination reactions, the concentration of the potassium peroxy-
monosulfate, e.g. OXONE®, or dialkyl-3-methylpyridine-5,6-dicarboxylate in the reaction solution is less than 10%, or
less than 9%, or less than 8%, or less than 7%, or less than 6%, or less than 5%, or less than 4%, or less than 3%, or
less than 2%, or less than 1%, or less than 0.75%, or less than 0.5%, or less than 0.2%, or less than 0.1%.

[0189] In some embodiments of any of the above bromination reactions, the concentration of the potassium peroxy-
monosulfate, e.g. OXONE®, and/or dialkyl-3-methylpyridine-5,6-dicarboxylate and/or halogen metal salt in the reaction
solvent is less than 10%, or less than 9%, or less than 8%, or less than 7%, or less than 6%, or less than 5%, or less
than 4%, or less than 3%, or less than 2%, or less than 1%, or less than 0.75%, or less than 0.5%, or less than 0.2%,
or less than 0.1%.

[0190] In some embodiments, the potassium peroxymonosulfate, e.g. OXONE®, is added gradually to the reaction
vessel and/or reactor in one or more portions.

[0191] In some embodiments, the halogen metal salt is added gradually to the reaction vessel and/or reactor in one
or more portions.

[0192] In some embodiments, the metal halogen salt is added gradually to the reaction vessel and/or reactor in one
or more portions.

[0193] In some embodiments, the potassium peroxymonosulfate, e.g. OXONE®, is added dropwise to the reaction
vessel and/or reactor.

[0194] In some embodiments, the metal halogen salt is added dropwise to the reaction vessel and/or reactor.
[0195] In some embodiments, the potassium peroxymonosulfate, e.g. OXONE®, is added to the reaction solution in
1 to 9 portions.

[0196] In some embodiments, the halogen metal salt is added to the reaction solution in 1 to 9 portions.

[0197] In some embodiments of any of the above bromination reactions, the reaction is conducted at a temperature
between 60-80°C

[0198] In some embodiments of any of the above bromination reactions, the reaction is carried out in presence of
radical initiator.

[0199] The radical initiator refers to, but is not limited to, inorganic peroxides, organic peroxides and azo initiators.
[0200] Examples of azo initiators may include, but are not limited to, 2,2’-Azobis(2-methylpropionitrile) (AIBN);

2,2’-Azobis(2-methylbutyronitrile) (VAZO67); and
1,1°-Azobis(cyclohexanecarbonitrile) (VAZO88).

[0201] Examples of organic peroxide may include, but are not limited to, tert-butyl hydrogen peroxide and benzoyl
peroxide.

[0202] Examples of inorganic peroxide may include, but are not limited to, ammonium persulfate and sodium persulfate
[0203] In some embodiments, the metal is an alkaline metal or an earth alkaline metal.

[0204] In some embodiments, the halogen is bromide, chloride, iodide or fluoride.

[0205] In some embodiments, the yield of the bromination reaction is more than 60%, 70%, 80%, or 90%.

[0206] In some embodiments, the yield of the monobromo product (lla) of the bromination reaction is more than 40%.
[0207] In some embodiments, the yield of the dibromo product (llb) bromination reaction is more than 40%.

[0208] In some embodiments, the yield of the tribromo product (lic) bromination reaction is less than 5%.

[0209] In some embodiment the conversion to product of the reaction 3-methylpyridine 5, 6-dialkyl dicarboxylate with
OXONE® and halogens metal salt is at least 99.9%.

[0210] In some embodiment the conversion to product of the reaction 3-methylpyridine 5, 6-dialkyl dicarboxylate with
OXONE® and halogens metal salt is at least 95%.

[0211] In some embodiment the conversion to product of the reaction 3-methylpyridine 5, 6-dialkyl dicarboxylate with
OXONE® and halogens metal salt is at least 90%.

[0212] In some embodiment the conversion to product lla of the reaction 3-methylpyridine 5, 6-dialkyl dicarboxylate
with OXONE® and halogens metal salt is at least 40%.

[0213] In some embodiment the conversion to product llb of the reaction 3-methylpyridine 5, 6-dialkyl dicarboxylate
with OXONE® and halogens metal salt is at least 40%.

[0214] Amine may refer to a nucleophilic amine or non-nucleophilic amine. In some embodiments, the nucleophilic
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amine refers to, but is not limited to, trimethyl amine, triethyl amine or pyridine. Examples of non-nucleophilic amines
may include, but are not limited to, ethyl diisopropyl amine.

[0215] In some embodiments, the mixture comprising the compounds of the formula IIb and/or llc reacts with dialkyl-
phosphite in presence of an amine.

[0216] The dialkylphosphite refers to, but is not limited, to diethylphosphite (DEP).

[0217] In some embodiments, the mixture comprising the compounds of formula Ilb and/or lic reacts with the dialkyl-
phosphite in presence of a nucleophilic amine, obtaining the compound (lla) which is reacted with nucleophilic amine
to obtain compound (llI)

[0218] In some embodiments, the mixture comprising the compounds of formula (Ilb and /or lic) reacts with the di-
alkylphosphite in presence of trimethyl amine, obtaining the compound (lla) which is reacted with nucleophilic amine to
obtain compound (l11)

[0219] In some embodiments, compound (lla) is obtained prior to reaction of the nucleophilic amine.

[0220] In some embodiments, the compound (lla) is obtained prior to the reaction with amine by reaction with dialkyl-
phosphite in presence of non-nucleophilic amine.

[0221] In some embodiments, wherein the nucleophilic amine is selected form group consisting of trimethyl amine,
triethyl amine, and pyridine.

[0222] In some embodiments, wherein the non-nucleophilic amine is selected form group consisting of tert-butyl dime-
thyl amine, isobutyl dimethyl amine.

[0223] In one embodiment, wherein the nucleophilic amine is triethyl amine.

[0224] In some embodiments, the amine is a gas.

[0225] In some embodiments, the amine is a liquid or a solution of a gaseous amine.

[0226] In some embodiments, the reaction of the mixture comprising the compounds of formula IIb and/or llc with
amine and dialkylphosphite is a one-pot process.

[0227] In some embodiments, the reaction of compounds of formula llb and/or lic with amine and dialkylphosphite is
a one pot process.

[0228] In some embodiments, the mixture comprising the compounds of formula IIb and/or llc are reacted with the
diethylphosphite prior to reaction of Ila with the amine and the product lla is not isolated prior to reaction with the amine.
[0229] In some embodiments, the mixture comprising the compounds of formula lla and/or llb and/or lic is reacted
with the diethylphosphite prior to reaction of the Ila portion with the amine.

[0230] In some embodiments, the mixture comprising the compounds of formula lla and/or llb and/or lic is reacted
with the diethylphosphite prior to reaction of the lla portion with the amine to increase the amount of lla, and the product
lla is not isolated prior to reaction with the amine.

[0231] In some embodiments, compound lla is obtained by reacting compound IIb and/or lic with dialkylphosphite in
presence of amine.

[0232] In some embodiments, reaction of the mixture comprising compounds lla and/or IIb and/or llc with amine is
carried out in presence of solvent.

[0233] In some embodiments, reaction of compound (lla) with amine is carried out in presence of solvent.

[0234] In some embodiments, the mixture comprising compounds lla and/or IIb and/or llc is reacted with dialkylphos-
phite in presence of amine to convert any present amount of lIb and llc to a pure compound lla prior to formation of the
tetraalkylammonium salt.

[0235] In some embodiments the amination reaction, the reaction is carried out in presence of solvent.

[0236] In some embodiment, reaction of compound (lll) with alcohol metal base is carried out in presence of solvent.
[0237] Insome embodiment, reaction of compound (l11) with alcohol metal base is carried out in presence of the alcohol
solvent.

[0238] Solvent includes, but is not limited to, dichloromethane, chloroform, 1,2-dichloroethane, perchloroethylene,
trichloroethane, chlorobenzene, 2-dichlorobenzne, 3-dichlorobenzene, 4- dichlorobenzene, toluene, xylene, methanol,
ethanol, 2-propanol or acetonitrile, benzene, carbon tetrachloride or any combination thereof.

[0239] In some embodiments of any of the above amination reactions, the reaction is carried out at a temperature
between about 0°C to 25°C.

[0240] In some embodiments of any of the above amination reactions, the reaction is carried out at a temperature of
about 0°C, 10°C, 20°C, 30°C, 40°C, 50°C, 60°C, 70°C, 80°C, 90°C or 100°C.

[0241] In some embodiments, the reaction of compound of formula (lll) with alcohol metal base is carried out in the
presence of hydroxide scavenger agent.

[0242] In some embodiments, the reaction of compound of formula (Ill) with alcohol metal base is carried out in
presence of solvent. In some embodiments, the solvent is an alcohol solvent.

[0243] Solvent refers to, but is not limited to, methanol or ethanol.

[0244] In some embodiments, the reaction of compound of formula (lll) with alcohol metal base is carried out under
anhydrous conditions.
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[0245] In some embodiments, the reaction of compound of formula (lll) with alcohol metal base is carried out in nitrogen
atmosphere.

[0246] In some embodiments, the reaction of compound of formula (l11) with alcohol metal base is carried out in argon
atmosphere.

[0247] In some embodiments, the solvent is dried prior to the reaction with the alcohol metal base.

[0248] The hydroxide scavenger agent refers to, but is not limited to, methyl acetate, ethyl acetate.

[0249] The metal of the alcohol metal base may be alkaline or earth alkaline metal.

[0250] The alcohol of the alcohol metal base may be methanol, ethanol or phenol.

[0251] Alkaline refers to, but is not limited to, sodium or potassium.

[0252] Earth alkaline refers to, but is not limited to, magnesium.

[0253] In some embodiment, the reaction of compound of formula (Ill) with alcohol metal base is carried out at a
temperature of 50-90°C.

[0254] Isolation of compound (l) to (lll) can be archived by standard processes known to one skilled in the art.
[0255] The process described herein is advantageous in that it provides the desired product in a higher yield with less
rigorous purification.

[0256] The process described herein is advantageous in that it provides the desired product in a higher yield with less
time consuming, less costly and more environmentally efficient purification.

[0257] The process described herein is advantageous in that it provides the desired product with reduced cost.
[0258] The process described herein is advantageous in that it avoids the need for toxic reagents, which are not
particularly desirable for industrial implementation due to the hazards associated with such reagents.

[0259] The process described herein is also advantageous in that it may be performed in one-pot.

Step (i):

[0260] In the present invention the bromination is a one-step reaction wherein the conversion of the 3-methylpyridine
5, 6-dialkyl dicarboxylate to the corresponding brominated products with NaBr as source of bromine is greater than 90%
in one cycle of reaction (without workup and isolation of the product). With bromine (Br,) as a bromide source, the
bromide is decomposed to bromide anion and only 40% is used in the reaction. Therefore, only 50% conversion is
obtained (see, e.g., WO 2010/0055139). In the present invention the 80% of the bromide source is used. For obtaining
high conversion there is a need for multicycle reactions. The multi cycles reaction is resulted in a huge waste of starting
material (excess of bromine) and returned workup which are resulted in huge waste.

[0261] The bromination reaction with N-bromosuccinimide when using 150% (1.5 eq) brominating agent lead to 70%
conversion while using 1.5 eq of NaBr in the present invention the conversion is over 90%. After 6 cycles of oxidant
addition, the conversion is 94.0%.

[0262] In the present invention the conversion of the bromination reaction is over 90% without need of isolating excess
starting material and re-running the reaction (considering total amount of bromo, dibromo, tribromo products).

[0263] It was found that the brominated product is stable in the reaction condition and does not decompose. Both
product and reactant may undergo ester hydrolysis in aqueous media.

[0264] Additionally, unexpectedly when the bromination reaction is performed in the absence of a light and in the
presence of radical initiator, mainly brominated products are formed with very limited amount of benzylic oxidation product
(see, e.g., Moriyama et al. 2012). It was unexpectedly observed that in order to obtain the oxidation product, both light
and OXONE® are required.

Step (ii):

[0265] This step enables utilization of polybrominated by products and thus high conversions are possible and no
recovery of unreacted starting material is required as is essential when the conversion is low; and higher yields are
possible because polybrominated byproducts (mainly dibromo) if not utilized results in lower yields.

Step (iii):

[0266] Debromination to the monobrominated intermediate requires dialkylphosphite and a base which is not nucle-
ophilic enough to react with the monobrominated intermediate. Since the monobrominated intermediate is reacted with
a tertiary amine or pyridine derivative in the next step, such reactant can be used as a debromination base enabling
combination of both steps into a one pot process and sparing the requirement for additional non-nucleophilic base which
might be an expensive reagent.

[0267] In addition, in step iii wherein the scavenger, e.g. methyl acetate, is used the condition of the reaction are mild
and there is no need for high temperature or pressure (closed vessel) to obtain the ether product.
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[0268] In a process for preparing the compound having the structure:

HoOC

X OCH;

CHs
N /
NN N
HsC
HaC NH
0
(Im)

which comprises converting a dialkyl-3-methylpyridine-5,6-dicarboxylate to a compound having the structure:

R;0,C CH,0OCH;

X

Vs

M

wherein each occurrence of R4 is C4-C, alkyl, the improvement comprising converting the dialkyl-3-methylpyridine-5,6-
dicarboxylate to the compound of formula (I) by the process according to any embodiments of the present invention.
[0269] In some embodiments, a process for preparing the compound having the structure:

HOOC

X OCH;
CHs
N /
\ N
HiC
HaC NH
o
(Im)
which comprises
(a) preparing the compound of formula (1):

R,0,C CH,OCH4
\
=

R,0,C N

0]
wherein each occurrence of R4 is C4-C, alkyl, according to any embodiments of the present invention.
[0270] In some embodiments, the process further comprising:
(b) converting the compound of formula (1) to the compound of formula (Im).

[0271] In some embodiments, the process further comprising:

(b) converting the diester compound of formula (1) to the corresponding anhydride;
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(c) reacting the anhydride with 2-amino-2,3-dimethylbutanenitrile followed by base-catalyzed condensation to form
the compound of formula (Im).

[0272] In some embodiments, the process further comprising:

(b) converting the diester compound of formula (1) to the corresponding anhydride;
(c) reacting the anhydride with 2-amino-2,3-dimethylbutanenitrile followed by acid catalyzed hydrolysis of the nitrile
to primary amide followed by base-catalyzed condensation to form the compound of formula (Im).

[0273] In some embodiments, the process further comprising:

(b) reacting the diester compound of formula (I) with 2-amino-2,3-dimethylbutramide to form the compound of formula (Im).
[0274] In some embodiments, the process further comprising:

(b) reacting the diester compound of formula (I) with 2-amino-2,3-dimethylbutramide in the presence of base to form the
compound of formula (Im).

[0275] In some embodiments, the process further comprising:

(b) reacting the diester compound of formula (l) with 2-amino-2,3-dimethylbutramide in the presence of base; and
(c) an acidic workup to form the compound of formula (Im).

[0276] In some embodiments, a process for preparing the compound having the structure:

HoOC
X OCH;
CH;
N /
\ N
HsC
HaC NH
0
(Im)
which comprises
(a) converting the diester compound of formula (1):
R;{0,C N CH,OCH;
P
R1O,C N

(0

wherein each occurrence of R, is C4-C, alkyl, prepared according to any embodiments of the present invention, to
the corresponding diacid under hydrolysis condition;

(b) converting the diacid product of step (a) to the anhydride having the structure:

o}

CH,0OCH;

X

=

N
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(c) reacting the anhydride product of step (b) with 2-amino-2,3-dimethylbutanenitrile to form the compound having

the structure:
HOOC
X OCHs
CHs,
H
N /
N
HsC
HsC en © :
)

(d) reacting the product of step (c) with acid to form the compound having the structure:

HoOC
X OCH;
CH,
H
N /
N
HsC
HaC o

C(O)NH,

(e) reacting the product of step (d) with base to form the compound of formula (Im).

[0277] In some embodiments, a process for preparing the compound having the structure:

HoOC
X OCH;
CH;
N /
AN N
HsC
HaC NH
0
(Im)
which comprises
(a) converting the diester compound of formula (1):
R{0,C \ CH,OCH3
P
R1O,C N

(0

wherein each occurrence of R, is C4-C, alkyl, prepared according to any embodiments of the present invention, to
the corresponding diacid under hydrolysis condition;

(b) converting the diacid product of step (a) to the anhydride having the structure:
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CH,OCHj

X

=

N

o]

(c) reacting the anhydride product of step (b) with 2-amino-2,3-dimethylbutanenitrile to form the compound having

the structure:
HOOC
X OCHs
CHs,
H
N /
N
HsC
HsC en © :
)

(c) reacting the anhydride product of step (b) with 2-amino-2,3-dimethylbutyramide to form the compound having

the structure:
HOOC
X OCH;
CHs,
H
N /
N
HsC
HsC o

C(O)NH, .

(d) reacting the product of step (c) with base to form the compound of formula (Im).
[0278] In some embodiments, the use of the compound of formula (l) as prepared according to any embodiments of

the present invention for producing Imazamox.
[0279] A process for converting the compound having the structure of formula (1):

R{O,C CH-0R;
AN
P
(0

wherein

each occurrence of Ry is a C4-C,4 alkyl; and
R, is C4-C, alkyl, to the corresponding herbicide having the formula:
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HOOC \ CH,0R;
CHs
N /
X N
HsC
HaC NH
o

is described in the following: US 5,973,154, US 2011/0245506 A1, WO 2010/055042 A1, WO 2010/066669 A1
and/or EP 0 166 907, the contents of each of which are hereby incorporated by reference.

[0280] A process for converting the compound having the structure of formula (1):

AN
/
(1

wherein

each occurrence of Ry is a C4-C,4 alkyl; and
R, is methyl, to the corresponding herbicide having the formula:

HOOC \ CH,OCH3
CHs
N /
\ N
HsC
HaC NH

o

is described in the following: US 5,973,154, US 2011/0245506 A1, WO 2010/055042 A1, WO 2010/066669 A1
and/or EP 0 166 907, the contents of each of which are hereby incorporated by reference.

[0281] The present reactions occur under reaction conditions sufficient to produce the desired compound. Such con-
ditions, e.g. temperature, time, molarity, etc., may be varied by one of ordinary skill in the art based on the methods and
protocols described herein.

[0282] Where a range is given in the specification it is understood that the range includes all integers and 0.1 units
within that range, and any sub-range thereof. For example, a range of 77 to 90% is a disclosure of 77, 78, 79, 80, and
81% etc.

[0283] As used herein, "about" with regard to a stated number encompasses a range of +one percent to-one percent
of the stated value. By way of example, about 100 mg/kg therefore includes 99, 99.1, 99.2, 99.3, 99.4, 99.5, 99.6, 99.7,
99.8, 99.9, 100, 100.1, 100.2, 100.3, 100.4, 100.5, 100.6, 100.7, 100.8, 100.9 and 101 mg/kg. Accordingly, about 100
mg/kg includes, in an embodiment, 100 mg/kg.

[0284] It is understood that where a parameter range is provided, all integers within that range, and tenths thereof,
are also provided by the invention.

[0285] As used herein, "alkyl" is intended to include both branched and straight-chain saturated aliphatic hydrocarbon
groups having the specified number of carbon atoms. Thus, C4-C,, as in "C4-C,, alkyl" is defined to include groups having
1, 2...... , n-1 or n carbons in a linear or branched arrangement, and specifically includes methyl, ethyl, propyl, butyl,
pentyl, hexyl, heptyl, isopropyl, isobutyl, sec-butyl and so on. An embodiment can be C4-C,, alkyl, C,-C,4, alkyl, C5-C4»
alkyl, C4-C4, alkyl and so on. An embodiment can be C4-Cg alkyl, C,-Cg alkyl, C5-Cg alkyl, C4-Cg alkyl and so on. "Alkoxy"
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represents an alkyl group as described above attached through an oxygen bridge.

[0286] Each embodiment disclosed herein is contemplated as being applicable to each of the other disclosed embod-
iments. Thus, all combinations of the various elements described herein are within the scope of the invention.

[0287] This invention will be better understood by reference to the Experimental Details which follow, but those skilled
in the art will readily appreciate that the specific experiments detailed are only illustrative of the invention as described
more fully in the claims which follow thereafter.

[0288] The invention is illustrated by the following examples without limiting it thereby.

Experimental Section

Example 1.

Preparation of dimethyl 5, 6 dicarboxylate-3-pyridnyl methyl bromide mixture of the formula (lla-c):

[0289] 3-methylpyridine 5, 6- dimethyl dicarboxylate (286.8 mmol, 60 gr) is heated until completed melted and added
to 210 mL 1,2 dichloroethane. AIBN (3.1 mmol, 0.6gr) is added to the reaction mixture followed by 17.3 % NaBr solution
in water (118.7 mmol, 70.6gr). The pH is adjusted to 1.5 - 2.0 using 98% H,SO,. The reaction is stirred at 70-75°C while
adding 169.8gr 19.3% OXONE®(3.4% H,S0, solution, 106.6 mmol KHSO;) over 30 min. The solution becomes colored.
The solution is refluxed for 2 hr then cooled to 25°C. The aqueous phase is discarded.

[0290] An additional portion of AIBN (3.1 mmol, 0.6gr) is added to the reaction mixture followed by an additional portion
of 17.3 % NaBr solution (118.7 mmol, 70.6 g). The pH is adjusted to 1.5 - 2.0 using 98% H,SO,4. The reaction is stirred
at 70-75°C while adding an additional 169.8gr 19.3% OXONE® (3.4% H,SO, solution, 106.6 mmol) over 30 min. The
solution becomes colored. The solution is refluxed for 2 hr then cooled to 25°C. The aqueous phase is discarded.
[0291] A third portion of AIBN (3.1 mmol, 0.6gr) is added to the reaction mixture followed by a third portion of 17.3 %
NaBr solution (118.7 mmol, 70.6 g). The pH is adjusted to 1.5 - 2.0 using 98% H,SO,. The reaction is stirred at 70-75°C
while adding an additional 169.8 gr 19.3% OXONE® (3.4% H,SO, solution, 106.6 mmol) over 30 min. The solution
becomes colored. The solution is refluxed for 2 hr then cooled to 25°C. The aqueous phase is discarded.

[0292] A fourth portion of AIBN (3.1 mmol, 0.6 g) is added to the reaction mixture followed by a fourth portion of 17.3
% NaBr solution (118.7 mmol, 70.6 g). The reaction is stirred at 70-75°C while adding an additional 169.8 gr 19.3%
OXONE® (3.4% H,S0, solution, 106.6 mmol) over 30 min. The solution becomes colored. The solution is refluxed for
2 hr then cooled to 25°C. The aqueous phase is discarded

[0293] A fifth portion of AIBN (3.1 mmol, 0.6 g) is added to the reaction mixture followed by a fifth portion of 17.3 %
NaBr solution (118.7 mmol, 70.6 g). The reaction is stirred at 70-75°C while adding an additional 169.8 gr 19.3% OXONE®
(3.4% H,S0O, solution, 106.6 mmol) over 30 min. The solution becomes colored. The solution is refluxed for 2 hr then
cooled to 25°C. The aqueous phase is discarded.

[0294] A sixth portion of AIBN (3.1 mmol, 0.6 g) is added to the reaction mixture followed by a sixth portion of 17.3 %
NaBr solution (118.7 mmol, 70.6 g). The reaction is stirred at 70-75°C while adding an additional 169.8 gr 19.3% OXONE®
(3.4% H,S0O, solution, 106.6 mmol) over 30 min. The solution becomes colored. The solution is refluxed for 2 hr then
cooled to 25°C. The aqueous phase is discarded. The organic phase is washed with 420 g 5% NaHCO;. The organic
phase is washed with 420 g saturated NaCl solution. The organic phase is dried over MgSO4 and filtrated. The solvent
is concentrated under reduced pressure to dryness to obtain 91.4 gr viscous brown oil 96.3% conversion (mono di and
three brominated products)

[0295] Treatment by sodium bisulfite: addition of 20% sodium bisulfite solution until complete neutralization is obtained
(indicated by potassium iodide indicator paper).

Table 1. Conversions per cycle [step (i)].

Cycle# | MPDC-DME | BPDC-DME | DPDC-DME | TPDC-DME
1 73.5% 23.7% 0.9% ND

2 50.1% 44.1% 3.8% ND

3 30.1% 57.4% 9.9% 0.8%

4 16.8% 61.4% 18.3% 1.0%

5 7.9% 57.8% 29.5% 1.9%

6 2.9% 48.8% 41.4% 3.7%
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Reaction with light in absence of initiator

[0296] Diethyl-3-methylpyridine-5,6-dicarboxylate (5.6 g, 23.6 mmol) is added to 1, 2-dichloroethane (40 ml). To the
obtained solution KBr (3.4 g, 28.6 mmol) was added. OXONE® (14.0 GR, 45.5 mmol; KHSO;) is added followed by
water (40 g) and the reaction mixture is illuminated by tungsten lamp for 7.5hr.
Table 2. Conversions by light [step (i)].
1.2eq. KBr, 1.9eq. OXONE®, 7hr, 30-40°C
MPDC BPDC DPDC CPDC
6.8% 63.9% 25.3% 2.3%

Preparation of dimethyl- 5, 6 dicarboxylate- 3- pyridyl methyl ammonium salt of the formula (l1l)

[0297] The brominated mixture lla-c (88.4 g) is diluted with 470ml 1,2-DCE. The solution is cooled to 0-5°C and DEP
(136.9 mmol, 18.9 g) is added followed by 33% (CHj3);N (441.0 mmol, 79.0 g) in EtOH. The reaction mixture is stirred
for 0.5 hr at 0-5°C than heated to 25°C for 1 hr (the reaction is stirred for 6 hr in case that the reaction still not finished
adding additional DEP (13.8 mmol, 11.9 g) at 0-5°C, stirring at 25°C for 1hr and then at reflux for 1 hr). The resulting
precipitate is dried under vacuum at 50°C to obtain 77.0 g (221.8 mmol) (79.9% yield).

Preparation of dimethyl -5,6-dicarboxylate -3- methoxy methyl pyridine (1)

[0298] Methyl acetate (1.35 mmol, 1.0 g) and of sodium methoxide solution (30% in methanol) (23.88 mmol, 4.3 g)
are added to methanol (20 g) under N, atmosphere. The resulting mixture is heated to reflux (60-65°C) for 1.0hr then
cooled to 25°C at which point compound Il is added 12.82 mmol, 5.0 g, 89%). The reaction mixture is stirred at reflux
(60-65°C) for 3 hr then cooled to 10-15°C while acetic acid (1.45 g) is added dropwise over 10 mins. The solvent is
concentrated under reduced pressure to dryness. Toluene (40 ml) is added and washed with 20 gr water. The aqueous
wash is extracted with 30ml toluene and the combined organic phases are washed by 20gr water. The solvent is
concentrated under reduced pressure to obtain 2.7 g of desired product (87.2 % yield, 99.0% purity).

DISCUSSION

[0299] There is a need to develop an improved synthetic process for producing the dialkyl-3-alkoxymethyl-5,6-dicar-
boxlate intermediate which is useful in synthesizing the herbicide Imazamox.

[0300] The process described herein is carried out in ambient pressure, with easily handled material, in a process that
is highly efficient, low-cost, and environmentally friendly. These advantages are not exhibited by any current methods.
It has been found that the synthesis of dimethyl 5-(methoxymethyl)pyridine-2,3-dicarboxylate (and related dialkyl-3-
alkoxymethyl-5,6 dicarboxylates) in the specific steps described here can significantly improve the conversion and
isolated yield of the desired product.
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Claims

A process for preparing compound of the formula (l11):

RO,C CHY* X
\
P
RO,C N
(IIT)
wherein
each occurrence of Ry is a C4-C, alkyl;
Y+is
Rs
%—N@—R4 ®
| N\ Y/
Rs or ,

wherein R;, R, and Rj are each, independently, a C4-Cg alkyl or aryl; and
Xis a halogen,

comprising reacting a mixture comprising compounds of the formula Ila and/or IIb and/or lic:

R,0,C N CH X
Pz
(ITa-c)

wherein

n=2 and m=1 (lla), n=1 and m=2 (llb) or n=0 and m=3 (llc);
each occurrence of Ry is a C4-C,4 alkyl; and
Xis a halogen,

with a dialkylphosphite in presence of an amine so as to therefore obtain the compound of the formula (lll).

The process of claim 1, wherein the amine is an organic amine.

The process of claim 2, wherein the amine is a nucleophilic or a non-nucleophilic amine.
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The process of claim 3, wherein the amine is selected form group consisting of trimethyl amine, triethyl amine, and
pyridine.

The process of any one of claims 1-4, wherein the process is conducted in one pot reaction.

The process of any one of claims 1-5, wherein the compound produced has the structure:
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H4CO,C

or

H,CO-C

H4CO,C

A process for preparing a compound of the formula (1):

SCOZCIj/CHZN (CH3)3 H3C02CIj/CH2N(CH2CH3)3
’

@

poge]

R1 OzC CHZORZ
X
P
R10,C N
(I)
wherein
Each occurrence of R, is C4-C, alkyl;
R2is C4-C4 alkyl,
comprising reacting the compound of formula (lll):
R{O,C CHoY* X
\
P
R{O,C N
(I11)

wherein

each occurrence of Ry is a C4-C, alkyl;
Y*is
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wherein R3, R, and Rj are each, independently, a C4-Cg alkyl or aryl; and
X is halogen,

with an alcohol metal base in the presence of a hydroxide scavenger agent or with an alcohol metal base which

was previously treated with a hydroxide scavenger agent.
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